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ABSTRACT Field studies were conducted during 1999Ð2001 in two climatic/edaphic areas of
Georgia (Southern Piedmont and East Gulf Coastal Plain) to test the hypothesis that precision
placement of aldicarb with cotton seed in hill planting at spatially speciÞc intervals could decrease
insecticide use for management of tobacco thrips, Frankliniella fusca (Hinds). Precision-placed
aldicarb controlled thrips during cotton seedling stages using per ha amounts of one-half or less than
standard in-furrowapplication rateswith no signiÞcant differences in yield. Residual analysis of cotton
plants showed that plants in precision placement plots had as much or more aldicarb and aldicarb
metabolites present as compared with cotton treated with conventional in-furrow treatments. Higher
rates of precision-placed aldicarb did cause phytotoxic burning early in the growing season, but no
signiÞcant impact on yield was observed.
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TOBACCO THRIPS, Frankliniella fusca (Hinds), are early
season pests of cotton in the southeastern United
States. Feeding injury causes yellowing, stunting, and
overall plant decline (Davidson et al. 1979). In 2001,
93% of the cotton grown in the United States was
infested with thrips, resulting in an estimated loss of
235,996 bales (Williams 2002). Each year, almost three
millionha of cotton is treated to control thrips at a cost
of $81 million (Williams 2001). Current management
approaches for thrips in cotton include the use of
aldicarb (Temik 15G, Bayer Crop Science, Kansas
City, MO) applied at planting. Each year, over one
million kg of aldicarb is applied to cotton in theUnited
States at a cost of over $5 per acre (Thelin 1998,
Williams 2001). Aldicarb, a systemic carbamate insec-
ticide, effectively controls thrips in cotton, but is ex-
pensive and hazardous to use and poses a substantial
risk for both human health and the environment
(Hayes 1982). Aldicarb and its metabolites and deg-
redates may leach to groundwater from the soil in
quantities high enough to potentially affect human
health. Aldicarb has been found in wells in 12 states in
the United States in concentrations above the health
advisory limit of 10 parts per billion (Howard 1991).

In cotton and several other cropping systems, cur-
rent planting technology allows for seeds to be placed

in speciÞed intervals along the row. However, pesti-
cides used at planting are usually applied in a contin-
uous stream either in-furrow or banded over the row,
so much of the pesticide is deposited away from the
target. An alternative method of application would be
to precisely place the pesticide with the seed at plant-
ing,which could reduce the total per ha applicationby
one-half or more.

The objectives of this study were to evaluate the
efÞcacy of precision-placed aldicarb treatments in
comparison with traditional in-furrow treatments for
controlling thrips infestations in seedlingcottonand to
quantify the residual levels of aldicarb and aldicarb
metabolites present within the treated plants at spe-
ciÞc points during the growing season. Tests were
conducted at two locations in Georgia with different
climatic/edaphic features (Piedmont and Coastal
Plain) to evaluate the efÞcacy of precision placement
in different cotton-growing environments.

Materials and Methods

Study Sites and Experimental Design. Cotton plots
were established during 1999 and 2001 at the Univer-
sity of GeorgiaÕs Plant Sciences Farm near Athens, in
the Piedmont area of Georgia, and in 2000 and 2001 at
the University of GeorgiaÕs Coastal Plain Experiment
Station near Tifton, in the Coastal Plain area of Geor-
gia. Treatment plots were arranged in a randomized
complete block design with four replications. One
untreated check was included in each replication. For
all tests, Bollgard NuCotn 33B (Monsanto, St. Louis,
MO) cotton seed was planted using a hill method
(seeds are grouped together in hills rather than
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planted individually along the row) using a two-row
Monosem pneumatic planter (Monosem, Lenexa,
KS). Hills were spaced 0.3 m apart in 1-m-wide rows
with three seeds per hill. Seed was planted on 12 May
1999 and 8 May 2001 for the Piedmont tests, and on 4
May 2000 and 2 May 2001 for the Coastal Plain tests.

Granular aldicarb (Temik 15G) was applied at
planting using two methods. For the in-furrow appli-
cation, aldicarb was applied in the furrow along the
entire row with the seed using a tractor-mounted
Gandy (Gandy Corp., Watonna, MN) mechanical
granular applicator. After the granules had been ap-
plied, the furrow was closed with the packer-wheel
device that is standard with Monesem planters. The
second method, precision placement, used the same
planter, but the furrow closure apparatus was disen-
gaged so planted seed was exposed. Insecticide gran-
ules were then placed directly on top of the seed with
a bazooka applicator designed to place calibrated
quantities of insecticide onto the top of the seeds by
a trap release system (Wiseman et al. 1980). Open
furrows were then closed with a hoe. Rates of aldicarb
were not the same for both methods of application.
In-furrow treatments were applied at rates of 0.28,
0.56, 1.12, and 3.92 kg product per ha. Precision-placed
treatmentswere appliedat rates of 0.18, 0.71, 1.44, 2.87,
and 5.74 kg product per ha. All insecticide rates were
speciÞed as kg product per ha based on 1-m-wide
rows.

The two middle rows of 7.6-m-long, four-row plots
were treatedwithvarying rates of aldicarb for the1999
Piedmont test. All four rows of 7.6-m-long, four-row
plots were treated for the 2000 and 2001 Piedmont
tests. The two middle rows of 15-m-long, four-row
plots were treated with aldicarb for the Coastal Plain
tests in 2000 and 2001.

Plots were irrigated and fertilized as needed during
the growing season. No other insecticide treatments
were applied to test plots.

Thrips Sampling. After planting, test plots were
sampled for thrips at approximate 10-d intervals.
Plants were sampled by randomly selecting 10 plants
from the treated rows of each plot. Whole plants were
immersed in a 120-ml specimen cup containing 60 ml
of 70% ethyl alcohol. For later sampling dates when
plants were larger, only the upper one-third of the
plant was used. Thrips were identiÞed, and adults and
immature stages were counted using a dissecting
scope (Oetting et al. 1993).

Thrips Damage, Phytotoxicity Ratings, and Yield.
Coastal Plain test plots were evaluated for thrips dam-
age 20 d after planting in 2000 and 2001 while plants
were in the two-leaf stage. All of the treated plants
within the plots were visually assessed for thrips dam-
age, and each plot was assigned a mean damage rating:
1 � no damage; 2 � slight leaf curl; 3 � moderate leaf
curl and stunting; 4 � heavy leaf distortion; 5 � severe
damage and stunting, missing seedlings. Phytotoxicity
ratings were used to assess any phytotoxic effects
associated with higher rates of aldicarb. Plants from
theCoastal Plain test plotswere evaluated for possible
phytotoxic effects from aldicarb treatments at 11 d

after planting in 2000 and 12 d after planting in 2001
when plants were in the cotyledon stage. Plants from
treated rows were visually assessed for insecticide
phytotoxicity. Each plot was assigned a rating: 0 � no
aldicarb effect; 1 � slight leaf chlorosis; 2 � minor
chlorosis of leaves and slight stunting; 3 � moderate
chlorosis, some browning and stunting; 4 � heavy
browning of foliage and stunting to plants.

Treated rows of all tests were harvested with a
two-row picker, and seed cotton was weighed in the
Þeld to determine yield.

Residual Analysis. To compare the amount of aldi-
carb absorbed by cotton seedlings across treatments,
aldicarb residues were analyzed within plant tissues
for the 1999 Piedmont and the 2000Coastal Plain tests.
Plants tobeused for residueanalysiswerecollectedon
the same days as the thrips sampling was conducted.
Ten whole plants were randomly selected from
treated rows, bagged, and frozen until analysis. Plant
samples (10Ð25 g) were blended with ethyl acetate
and sodium sulfate, Þltered, and concentrated on a
rotary evaporator. Extracts were cleaned up by gel
permeation chromatography, followed by ßorasil col-
umn chromatography. Florasil column fractions con-
taining aldicarb or metabolites were analyzed by gas
liquid chromatography.

The gas liquid chromatography (GLC) analysis was
conducted using a Tremetrics model 9001 instrument
(Tremetrics Chromatography Group, Austin, TX)
equipped with a DB-5 megabore 30-m capillary col-
umn (Supelco Catalogue 24035, Sigma-Aldrich, St.
Louis, MO), and helium carrier gas at a ßow rate of
1 ml/min and Flame Photometric Detector (Tremet-
rics Chromatography Group) operated in the S mode.
The column oven was programmed as follows: initial
temperature 90�C, initial hold 1 min, program rate
5�/min, to a Þnal temperature of 275�. Residues were
calculated by comparing the square root of the peak
heights with similar responses of analytical standards
obtained fromAccustandard(Accustandard,NewHa-
ven, CT). A fortiÞed and blank sample was included
with each set of extractions. Average residue recov-
eries were: aldicarb, 86.2%; aldicarb sulfone, 80.8%;
and aldicarb sulfoxide, 59.2%.

Statistical Analysis. Thrips infestation densities
were square root transformed and subjected to an
analysis of variance (ANOVA) for each sampling date.
Treatment means for thrips densities, damage ratings,
phytotoxicity ratings, yield, and aldicarb residual lev-
els were separated using PROC GLM and the Tukey
Studentized Range Test, with P � 0.05 (SAS Institute
2000). Treatment means were evaluated in compari-
son with the untreated check and with the standard
in-furrow rate of 3.92 kg product per ha. All possible
comparisons between treatments were not analyzed.

Results

For all tests, over 95% of the adult thrips sampled
and counted were tobacco thrips, F. fusca (Hinds).
Fewer than 5% of the adult thrips collected were
western ßower thrips, Frankliniella occidentalis
(Pergrande).
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Thrips Counts. The following efÞcacy results are
representational of the data observed for all Þeld tests
conducted from 1999 to 2001.

Coastal Plain 2000. Cotyledon stage plants were
predominantly infested with adult thrips at 9 d post-
treatment (Fig. 1A). SigniÞcantly fewer total thrips
were observed for all treatments, except the lowest
rate of precision-placed aldicarb at 0.18 kgproduct per
ha and the in-furrow rates of aldicarb at 0.28 and
0.56 kg product per ha when compared with the un-
treated check (F � 8.34; df � 9, 27; P � 0.0001). All
precision-placed treatments, except the lowest rate of
0.18 kg product per ha, were as effective in reducing
total thrips populations as the standard in-furrow rate
of 3.92 kg product per ha. Plants from plots treated
with precision-placed aldicarb at rates of 1.44, 2.87,
and 5.74 kg product per ha had signiÞcantly higher
phytotoxicity ratings when compared with the plants
fromtheuntreatedcheckandplants fromplots treated

with the standard in-furrow3.92kgproductperha rate
(F � 18.88; df � 9, 27; P � 0.0001).

Plants were in the two-leaf stage at 20 d post-treat-
ment and were predominantly infested with larval
thrips (Fig. 1B). SigniÞcantly reduced numbers of
total thripswereobserved inprecision-placedaldicarb
treatments at 1.44, 2.87, and 5.74 kg product per ha
when compared with the untreated check (F � 2.81;
df�9, 27;P�0.0182).All precision-placed treatments
were as effective in reducing total thrips populations
as the standard in-furrow rate of 3.92 kg product per
ha. Thrips damage ratings for plots at 20 d post-treat-
ment showed that all of the precision-placed aldicarb
treatments had signiÞcantly limited thrips damage
when compared with the untreated check, except for
the lowest rate of 0.18 kg product per ha (F � 14.09;
df � 9, 27; P � 0.0001).

The cotton plants had four leaves at 32 d post-
treatment and were predominantly infested with lar-

Fig. 1. Mean number of thrips (�SE) collected from 10 plants per plot, at 9 (A), 20 (B), and 32 (C) d after treatment
with aldicarb, Coastal Plain region, Tifton, Georgia, 2000. Actual means; means were square root transformed before analysis.
Bars with the same letter are not signiÞcantly different (P � 0.05, Tukey test). IF � in-furrow; PP � precision placement.
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val thrips (Fig. 1C). However, infestations of all thrips
stages had dropped since the previous sampling date.
All precision placement treatments were as effective
in reducing total thrips as the standard in-furrow
3.92 kg product per ha rate (F � 2.12; df � 9, 27; P �
0.0063). General observations of plant growth in the
test after 10 d post-treatment revealed no phytotoxic
symptoms for any of the treatments.

Coastal Plain 2001. Cotyledon stage plants were
predominantly infested with adult thrips at 12 d post-
treatment (Fig. 2A). SigniÞcantly reducednumbers of
total thrips were observed for all aldicarb treatments
when compared with the untreated check (F � 10.60;
df � 9, 27; P � 0.0001). All the precision-placed treat-
ments showed as signiÞcant a reduction in total thrips
as the standard in-furrow 3.92 kg product per ha rate.
Precision-placed aldicarb treatments at rates of 1.44,
2.87, and 5.74 kg product per ha induced signiÞcantly
greater phytotoxicity ratings when compared with
plants in the untreated check plots and the standard
in-furrow 3.92 kg per ha treatments (F � 22.87; df �
9, 27; P � 0.0001).

The cotton plants were in the two-leaf stage at 20 d
post-treatment and were predominantly infested with

larval thrips (Fig. 2B). All insecticide treatments had
signiÞcantly reduced total numbers of thrips when
compared with the untreated check. EfÞcacy was
greatest in treatments of in-furrow aldicarb at a rate of
3.92 kg product per ha and precision-placed aldicarb
at a rate of 5.74 kg product per ha (F � 20.88; df � 9,
27; P � 0.0001). All precision-placed treatments, ex-
cept for 0.71 kg product per ha, were as effective in
reducing total thrips numbers as the standard in-fur-
row rate of 3.92 kg product per ha. Thrips damage
ratings for plots on this date showed that precision-
placed aldicarb at 0.18, 1.44, 2.87, and 5.74 kg product
per ha and in-furrow aldicarb at 1.12 and 3.92 kg
product per ha had signiÞcantly reduced thrips plant
damage when compared with the untreated check
(F � 7.20; df � 9, 27; P � 0.0001).

At 30 d post-treatment, the cotton plants had four
leaves and were predominantly infested with larval
thrips (Fig. 2C). Only precision-placed aldicarb at a
rate of 5.74 kg product per ha signiÞcantly reduced
total thrips populations compared with the untreated
check (F � 3.46; df � 9, 27; P � 0.0059). All precision-
placed treatments were as effective in reducing total
thrips populations as the standard in-furrow rate of

Fig. 2. Mean number of thrips (�SE) collected from 10 plants per plot, at 12 (A), 20 (B), and 30 (C) d after treatment
with aldicarb, Coastal Plain region, Tifton, Georgia, 2001, and mean number of thrips (�SE) collected from 10 plants per plot,
at 10 (D), 20 (E), and 30 (F) d after treatment with aldicarb, Piedmont region, Athens, Georgia, 2001. Actual means; means
were square root transformed before analysis. Bars with the same letter are not signiÞcantly different (P � 0.05, Tukey test).
IF � in-furrow; PP � precision placement.
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3.92 kg product per ha. Observations for phytotoxicity
symptoms in plants showed no differences among
treatments.

Piedmont 2001. At 10 d post-treatment, cotyledon
stage plants in the Þeld were predominantly infested
with adult thrips (Fig. 2D). All precision-placed treat-
ments signiÞcantly reduced total thrips populations in
comparison with the untreated check (F � 19.82; df �
9, 27; P � 0.0001).

Plants were in the two-leaf stage at 20 d post-treat-
ment and were predominantly infested with larval
thrips (Fig. 2E). All precision-placed treatments sig-
niÞcantly reduced total thrips populations in compar-
ison with the untreated check (F � 12.02; df � 9, 27;
P � 0.0001). Precision-placed aldicarb at 2.87 kg prod-
uctperha showed thegreatest reduction in total thrips
in comparison with the untreated check.

At 30 d post-treatment, plants had four leaves
and were predominantly infested with larval thrips
(Fig. 2F). All precision-placed treatments had signif-
icantly reduced numbers of total thrips when com-
pared with the untreated check, except for 0.71 kg
product per ha (F � 12.66; df � 9, 27; P � 0.0001).

Yield. For the 1999 Piedmont test, seed cotton yield
varied from a high of 2,574.0 kg per ha in plots treated
with the in-furrow rate of 0.56 kg product per ha to
1,858.9 kg per ha in the untreated check; however, the
differences were not signiÞcant (F � 1.00; df � 11, 33;
P � 0.4693).

In the 2000 Coastal Plain test, seed cotton yield
varied from a high of 2,515.5 kg per ha in plots treated
with precision-placed aldicarb at a rate of 0.71 kg
product per ha to 1,961.7 kg per ha in the untreated
check. No signiÞcant differences in yield were ob-
served (F � 0.74; df � 9, 27; P � 0.6711).

For the 2001 Coastal Plain test, seed cotton yield in
all of the precision placement-treated plots (2,782.2Ð
2,875.2 kg per ha) was signiÞcantly higher than the
yield from the untreated check (2,185.3 kg per ha),
except for the lowest rate of 0.18 kg product per ha
(2,551.3 kg per ha) (F � 3.22; df � 9, 27; P � 0.0088).
All precision placement-treated plots had yields that
were as high as those from plots treated with the
standard in-furrow rate of 3.92 kg product per ha
(2,717.5 kg per ha).

SigniÞcantly more seed cotton was produced in
plots treated with precision-placed aldicarb at a rate
of 0.18 kg product per ha (4,157.8 kg per ha) in com-
parison with the untreated check (1,618.5 kg per ha)
(F� 3.70; df� 9, 27;P� 0.0039) for the 2001Piedmont
test. Yield from all of the precision placement-treated
plots (1,899.7Ð4,157.8 kg per ha) was signiÞcantly as
high or higher than the yield from plots treated with
the standard in-furrow treatment of 3.92 kg product
per ha (1,926.7 kg per ha).

Aldicarb Residual Analysis. Aldicarb is absorbed by
growing cotton seedlings quickly upon germination.
The growing plant metabolizes aldicarb into two by-
products: rapidly to a sulfone form and then more
slowly to a sulfoxide metabolite (Coppedge et al.
1967). These metabolites are responsible for the in-
secticidal properties of aldicarb (Montgomery 1993).

The following residual analysis data for the Coastal
Plain 2000 test are also representational of the samples
collected from the Piedmont 1999 test.

Coastal Plain 2000. Residual samples were taken at
approximate 10-d intervals from treated plots. Resid-
ual samples taken at 9 d post-treatment showed sig-
niÞcantly more aldicarb residue in plants treated with
precision placement at a rate of 5.74 kg product per ha
than the untreated check (F � 2.62; df � 9, 27; P �
0.0254) (Fig. 3A). Plants from all the precision place-
ment treatments contained as much or more aldicarb
residue than plants from the standard in-furrow treat-
ment of 3.92 kg product per ha. SigniÞcantly more
sulfone residue was found in plants treated by preci-
sion placement at rates of 2.87 and 5.74 kg product per
ha when compared with the untreated check and the
standard in-furrow rate of 3.92 kg product per ha rate
(F � 10.55; df � 9, 27; P � 0.0001). SigniÞcantly more
sulfoxide residue was found in plants treated by pre-
cision placement at a rate of 5.74 kg product per ha
when compared with the untreated check and the
standard in-furrow 3.92 kg product per acre rate (F �
4.02; df � 9, 27; P � 0.0024).

At 20 d post-treatment, signiÞcantly more aldicarb
residue was present in plants treated by precision
placement at a rate of 5.74 kg product per ha as com-
pared with the untreated check (F � 3.72; df � 9, 27;
P � 0.0038) (Fig. 3B). All plants treated with the
precision-placed treatment rates had as much or more
aldicarb present as those in the standard in-furrow
3.92 kg product per ha rate. Precision placement rates
of 1.44, 2.87, and 5.74 kg product per ha had signiÞ-
cantly higher amounts of sulfone residue present
when compared with the untreated check (F � 6.67;
df � 9, 27; P � 0.0001). When compared with the
untreated check, signiÞcantly higher sulfoxide residue
levelswereobserved for all theprecision-placed treat-
ments (F � 9.21; df � 9, 27;P � 0.0001). Theprecision-
placed aldicarb treatments of 0.71, 1.44, and 5.74 kg
product per hahad thehighest sulfoxide residue levels
in comparison with the check.

No signiÞcant differences in aldicarb residue levels
at 32 d post-treatment were found for any treatment
in comparison with the untreated check (F � 1.00;
df � 9, 27; P � 0.4635) (Fig. 3C). SigniÞcantly more
sulfone residue was found in plants treated by preci-
sion placement at rates of 1.44, 2.87, and 5.74 kg prod-
uct per ha as compared with untreated plants (F �
11.68; df � 9, 27; P � 0.0001). SigniÞcantly more
sulfoxide residue was found in plants treated by pre-
cision placement at a rate of 2.87 and 5.74 kg product
per ha when compared with the untreated check (F �
9.01, df � 9, 27; P � 0.0001).

At 50 d post-treatment, plants from all treatments
had comparable levels of aldicarb residues (F � 1.05;
df � 9, 27; P � 0.492) (Fig. 3D). SigniÞcantly more
sulfone residue was found in plants treated by preci-
sion placement at a rate of 5.74 kg product per ha in
comparison with the untreated check (F � 7.19; df �
9, 27; P � 0.0001). No detectable levels of sulfoxide
metabolite were found for any treatment.
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Discussion

Presently, granular applicators are not available
with the capability to apply precise amounts of in-
secticide with seed during planting. Our results
demonstrate the potential value of such a technology
to reduce aldicarb use for thrips management. The
various precision-placed rates of aldicarb evaluated

were as effective in reducing tobacco thrips in-
festations as the standard in-furrow rate of 3.92 kg
product per ha, but at rates that were reduced by
one-half ormore. In fact, precision-placed rates as low
as 0.18 and 0.71 kg Temik were as effective in con-
trolling thrips as the standard in-furrow rate of 3.92 kg
Temik per ha.

Fig. 3. Mean aldicarb and aldicarb metabolite residue levels in cotyledon stage plants at 9 (A), 20 (B), 32 (C), and 50
(D) d after treatment with aldicarb, Coastal Plain region, Tifton, Georgia, 2000. Bars with the same letter are not signiÞcantly
different (P � 0.05, Tukey test). IF � in-furrow; PP � precision placement.
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Thrips damage to plants in precision placement-
treated plots was comparable or less than injury to
plants treated with the standard in-furrow rate of
3.92 kg product per ha. In general, plants treated with
precision-placed treatments grew at a similar rate as
in-furrow-treated plants, except at the higher rates of
1.44, 2.87, and 5.74 kg product per ha, in which some
phytotoxicity symptoms (leaf burns) were observed
during the Þrst 20 d post-treatment.

Similar efÞcacy data from Þeld tests conducted in
two different climatic/edaphic regions of Georgia
showed that precision-placed rates of aldicarb were
effective in both regions. Also, an extreme drought
occurredduring thePiedmont 2001 test. Thrips counts
were reduced overall because of the drought, but the
precision-placed rates were still as effective in reduc-
ing total thrips populations as the standard in-furrow
rate of 3.92 kg product per ha.

Precision placement plots produced yields that
were as high or higher than the yields obtained from
plots treated with the standard in-furrow rate of
3.92 kg product per ha. Plants that showed phytotoxic
burn early in the season recovered quickly with no
apparent impact on yield.

Analysis of aldicarb and aldicarb metabolite resi-
dues in cotton plants during the seedling stages
showed that the insecticide quickly metabolizes into
sulfone and is present in the plant at signiÞcant levels
until 30 d post-treatment. Sulfone metabolizes into
sulfoxide, which is present in the plant until 30 d
post-treatment. At 50 d post-treatment, only trace
amounts of aldicarb metabolites remain in the plant.
Aldicarb metabolite levels were signiÞcantly higher in
plants treated by precision placement than those re-
ceiving conventional in-furrow treatment at levels
that corresponded with insect control.

Residual levels for the different treatments were
found tobe similar in bothof the climatic/edaphic test
regions. This indicates that climatic effects and soil
type do not appear to affect aldicarb uptake by the
growing plant.

Residual analysis veriÞed that precision placement
delivers more aldicarb to growing plants than the
conventional in-furrow treatments. Thus, more aldi-
carb reaches the growing plant. The higher levels of
aldicarb and aldicarb metabolites found in cotton
seedlings during the Þrst 30 d post-treatment appear
to be the critical component for managing thrips in-
festations. Maximum residual levels during this 30-d
period correspond with the peak thrips infestations
found on cotton seedlings during the Þrst 30 d post-
treatment. When cotton seedlings are small and most
vulnerable to injury, thrips populations are at their
highest and aldicarb residues are also at their peak
levels. As the plant grows, thrips levels and aldicarb
residues diminish.

The efÞcacy tests in these studies show that the
developmentof technology forprecisionplacementof
aldicarb with cotton seed during planting could be a
valuable innovation for the management of thrips in
cotton. Test results indicated that Þeld rates of pre-
cision-placed aldicarb may be reduced by one-half or

more and still achieve similar thrips control as con-
ventional in-furrow treatments. Cotton growers could
reduce the rate of application aldicarb from 3.92 to
1.44kgproductperhaor less and still achieveeffective
thrips control.

Each year, over 1.3 million ha of cotton is planted in
the southeastern United States (Williams 2002). If
growers were able to reduce the amount of aldicarb
put into the Þeld from 3.92 to 1.44 kg per ha, this could
mean a savings of over $23,664,000 ($18 per ha) in the
Southeast annually in insecticide costs as well as a
reduction in the amount of aldicarb being applied to
the Þeld from 5,096,000 to 1,872,000 kg.
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